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Abstract 
Wireless communication devices such as smartphones are essential in our recent daily life. The devices are also able to 
apply to understand human behaviors besides connecting a network via high speed communication links. One of such network 
services includes public wireless LAN services. The service is provided at many public spaces and stores. The stores especially
need some added values by the public wireless LAN service. Concrete services such as avoiding disasters and inducement 
customers via coupons already have begun at many stores in Japan. This study proposes the extraction method of human’s 
standing in line behavior to contribute increasing added values of public wireless LAN services at several stores. The shop 
owners are able to know how long the standing in line in front of their shops and provide appropriate services to their customers.
This study uses wireless LAN frame data on the air. The estimation model with Bayesian estimation method is applied by using 
the received signal strength in actual wireless LAN frames. It achieved high accuracy of 0.868 through the evaluation experiment
by 5-fold cross validation. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of KES International. 
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1. Introduction 
Mobile devices that have radio communication functions such as smartphones are widely spreading in recent years. 
A lot of consumers are able to use them very conveniently at anywhere and anytime. Those devices are equipped 
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with a radio communication function by default [10]. This feature is also able to use for an aim to grasp behaviors of 
humans who bring the devices besides advanced information communication. On the other hand, public wireless 
LAN services are established at many public spaces and shops in order to provide high speed communication 
medium to those devices. The public wireless LAN service is also expected to provide the high speed 
communication infrastructure for visitors come from foreign countries for the purpose of participation to Olympic 
games at Tokyo in 2020 [4]. Especially, shop owners have great expectations to add value with the public wireless 
LAN service. Some of the shop owners already have begun concrete services such as measures to deal with natural 
disasters and customer inducement to shops. Cellular telecommunication network, for instance, will be cut off when 
big disasters happen. Telecommunication infrastructure will be broken for long time. The temporary wireless LAN 
base stations or simple flying objects with moving radio base stations are able to provide telecommunication 
opportunities to many people with little investment. On the other hand, the range where wireless LAN system 
transmits radio waves is less than 100m. It can also identify the users located close the base station by using the 
disposition. Therefore, it has ability to identify users at certain position and induce customers by coupons provided 
from near shops. 
This paper describes the extraction method of the standing in line behavior in front of a shop. This method 
is able to contribute the improving an added value to the shop. The shop owner and manager can know how long the 
line of customers is by establishing wireless LAN access points, APs. It will improve customer services such as 
changing the number of salesclerks. This study also uses wireless LAN frame data of all channels to extract the 
standing in line behavior. It collected wireless LAN frames of actual standing in line smartphones and established 
the extraction model with maximum a posteriori, MAP, estimation method of Bayesian inference by using the frame 
data. It evaluated with 5-fold cross validation by adding wireless LAN frames of other devices that were not located 
near the standing in line. The accuracy of the experiment was 0.868 in average. The result of the experiment was 
realized that this method was efficient. 
2. Behavior Extracting Methods by Sensors 
Many researches already proposed the human behavior extracting methods with sensor devices. Murakami 
et al. estimated nursing behaviors with information of acceleration sensor devices [7]. It expands the applied area by 
estimating separately between a basic behavior and a complicated behavior. Some of the basic behaviors are a rest 
state and a sitting position. One of the complicated behaviors is housework. Ueda et al. estimates human 
concentration behavior by using accelerometers of smartphones. It classifies with DTW, Dynamic Time Warping, 
distance method among data. Portable devices that have acceleration sensors are used in the experiments. The 
behavior extraction of our study is needed to estimate at the access point side in order to know how long the 
standing in line by the shop owners. Therefore, Murakami and Ueda’s method is not able to apply our work. 
Yo et al. developed the behavior extraction method by using radio information [14]. It estimates a relative 
position among smartphones by using the received signal strength of Bluetooth devices and an absolute position by 
using GPS signals. ”Degrees of companion” is defined with such position data. If the data is above a certain value, it 
decides the two smartphones are bringing by companion persons. Osmani et al. also tried to estimate proximity by 
using wireless LAN received signal strength [9]. It estimates by a naïve Bayes classifier with KDE, Kernel Density 
Estimation, and classifies patterns of the received signal strength. This method also does not gather information at 
center equipment and estimates the companion state with each device only. It does not estimate people standing in 
line itself. Mochizuki et al. proposed the analysis system that analyzed the flow of people by collecting Probe 
Request frames for searching devices to connect to wireless LAN [6]. It can grasp the state of staying or moving at 
center equipment. Installing some special applications to center equipment, however, is needed. It estimates 
transient human movement. It does not analyze the behavior context generated as the result of staying and moving 
state such as standing in line behavior. Nakano et al. also proposed a congestion estimation method in train cars by 
using Probe Request frames of wireless LAN [8]. This method calculates which section of certain terminals get on a 
train by comparing between wireless LAN access points scan intervals on a regular basis and the arrival time to 
stations. It estimates how much a train is crowded by counting the sum total of the terminals. It can be applied to the 
wide area because of understanding the behavior of getting on and of trains. LaMarca et al. estimates a position with 
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precision of 20 to 40m [5]. Terminals receive beacons from one or more wireless LAN access points. The method 
realizes a position by triangulation. Rekimoto et al. started a project of constructing wide area wireless LAN 
positioning database and it was used for positioning at indoors or underground malls that could not be utilized GPS 
system [11]. These studies, however, estimates human density of closed space such as a train car. It does not 
estimate the detailed behavior such as standing in line or sitting down separately. 
3. Standing in line behavior extraction method by using the received radio signal strength of multiple 
channels 
The received radio signal strength conditions of smartphones held by a person does not simply change in 
proportion to the distance when actually observed. Some statistical estimation method, therefore, are needed to 
manage those complicated radio conditions. The examples of the received radio signal strength changing of actual 
standing in line states are described under below. Terminals are placed apart from AP in order of STA5 by STA1 at 
the graphs under below. 
Fig. 1. The received radio signal strength of standing in line smartphones, Case 1. 
The received radio signal strength from STA1 to STA5 stands in the relatively close order to the initial 
point at the measurement of Figure 1. It does not estimate the order of the terminals automatically because large 
difference in strength between STA1 and STA2 and small difference between STA3 and STA4 are observed. 
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Fig. 2. The received radio signal strength of standing in line smartphones, Case 2. 
The ratio of changing the order of STA4 and STA5 is high at the measurement of Figure 2. Moreover, the 
deference of the received radio signal strength among STA1, STA2 and STA4 is large. It also cannot estimate the 
order of the terminals easily.  
Fig. 3. The received radio signal strength of standing in line smartphone, Case 3. 
Raising and falling of the received radio signal strength at all STAs change hardly at Figure 3. The automatic 
estimation of the order is also impossible from this measurement. 
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Therefore, simple comparison method is not able to estimate the order of standing in line because radio waves 
of wireless LAN changes by following place and time at like the graphs above. Our study estimates the standing in 
line behavior of persons who bring smartphones by using radio information obtained from the smartphones. Our 
study applies maximum a posteriori, MAP, estimation method that is one of Bayesian inference method [1]. MAP 
estimation method have the feature of better accurate by using even small number of data because it tends to pull a 
solution to larger prior probability. The result of this estimation method has maximum a posteriori probability and 
target states are “line is exist” and “no line” only. Equation (1) shows a basic formula of Bayes. ȟ is a desired 
population parameter, P(ș|D) is a posterior probability that a cause provided by data D equals ș, P(D|ș) is a 
likelihood, P(ș) is a posterior probability, and P(D) is a probability to happen of data D in this equation. MAP 
estimation method obtains ș that maximizes P(D|ș)P(ș). In other words, MAP estimation method is a method that a 
maximum value of a posterior probability distribution becomes an estimation value. Each state, in addition, assumes 
to generate independently and this method is able to apply naïve Bayes. The likelihood is calculated by production 
of each condition. Equation (2) shows an equation developed by our method. 
  (1) 
   (2) 
P(Hi|D) represents a posteriori probability for individual state i (line is exist, or no line) in this equation. P(D|Hi)
and P(Hi) represents a likelihood and a prior probability for individual state i. It also uses wireless LAN frames as 
input data to extract standing in line behavior. Wireless LAN frames include the information of Radio Signal 
Strength Indicator, RSSI, destination address, source address and data transfer rate [3]. The likelihood and the prior 
probability of individual state are calculated by using RSSI included in wireless LAN frames. The likelihood is 
computed by a production of generating probabilities of each state with applying naïve Bayes. The wireless LAN 
radio wave propagation changes every second by changing the reflection of buildings, the wave interference from 
other devices, and changing the line of sight by the movements of humans [12]. Therefore, an important feature of 
the analysis is not the temporal chronological changes but also frequency changes. All channels of wireless LAN are 
used to handle that feature in this study. Wireless LAN also uses two frequency bands, 2.4GHz and 5GHz. From 1 
to 14 channel of 2.4GHz band are used in this time because they are used for a long time and include a lot of devices 
in actual fields. 
4. Evaluation by Cross Validation 
Cross validation method was used for our evaluation process. The method separates collected data into one 
or more datasets and repeats alternatively learning and validation. First, the standing in line with holding 
smartphones was formed and wireless LAN frames were gathered by using PC capture tools for obtaining true 
examples. The start point of the standing in line was located at the side close the wireless LAN access point and the 
packet capture PC. The wireless devices constructed the standing in line included two smartphones and three tablets. 
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Fig. 4. The device arrangement for gathering radio information 
Those devices included Ruckus access point, iPhone5, iPad mini, Icona Tab A100 and Xperia acro IS11S. Each of 
five terminals constructed the standing in line were captured at all 2.4GHz band channels for 60 seconds. AirPcap 
and Wireshark on Windows7 PC were used as packet capture tools. Collected capture data included a large quantity 
of radio wave data from other devices sending toward the target devices. The data sending from target devices were 
needed to extract only from those captured data. The valid number of such wireless LAN frames was 3,562. Figure 5 
shows the example of frame data with Wireshark tool [2]. 
Next, the wireless LAN frames emitted from surrounding area that did not construct the standing in line 
were gathered to obtain false examples. From 1 to 14 channel of 2.4GHz band wireless LAN were captured for 60 
seconds same as the true examples. Those captured data are not used as is because a lot of wireless LAN devices 
send radio waves from surrounding area. Five devices, therefore, were extracted in order with how much quantity 
number of frames transmitted by devices same as true examples. 
Fig. 5. The example of wireless LAN frames with Wireshark tool. 
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Only RSSIs transmitted frames from those devices were needed to gather. The number of collected wireless LAN 
frames was 28,023. Most of actual wireless LAN frames were management frames such as Probe Request searching 
access points and QoS asking the quality. Figure 5 shows the example of Probe Request frames. They have a lot of 
parameters such as address information and include received radio signal strength. 
The proposed estimation method was applied to those wireless LAN RSSI values. It also was evaluated 
estimation accuracy by using 5-fold cross validation method. The evaluation indexes included accurate, recall and F-
measure. The evaluation used RSSIs to compare the measured values themselves with the differential values from 
the starting point of the standing in line. Table 1 shows the measured values and table 2 shows the evaluation result 
in case of the differential values from the starting point. 
     Table 1. Standing in line behavior extraction validation with 5-fold cross validation, Case of measurement values. 
Dataset Accurate Recall F-measure 
No.1 0.877 0.746 0.806 
No.2 0.976 0.621 0.759 
No.3 0.913 0.955 0.933 
No.4 0.822 0.909 0.863 
No.5 0.754 0.788 0.770 
Average 0.868 0.804 0.827 
     Table 2. Standing in line behavior extraction validation with 5-fold cross validation, Case of the differential values from
the starting point. 
Dataset Accurate Recall F-measure 
No.1 0.597 0.833 0.696 
No.2 0.667 0.978 0.793 
No.3 0.879 0.967 0.921 
No.4 0.803 0.803 0.803 
No.5 0.833 0.833 0.833 
Average 0.756 0.833 0.809 
Table 1 describes the measured value shows higher accurate and F-measure performance than the differential values 
from the starting point. It means the measured values achieved better performance as the learning data for this 
method. On the other hand, this evaluation experiment captured for 60 seconds this time. This period of time was 
decided by the amount of computing time for huge collected data analysis. Although it is an advantage that the 
estimation of the standing in line behavior can be estimated for short period of time such as 60 seconds only, some 
people may leave from the line after spending 60 seconds. It cannot say that they are standing in line at such 
situation. It is needed to continuous gathering knowledge for how RSSI change over time and the waiting time of 
standing in line behavior. The appropriate estimation time should be proved after those works. 
5. Conclusion 
This paper proposes the extraction method of human standing in line behavior by using radio wave 
information. Wireless LAN frames ordinarily equipped on smartphones that had spread rapidly were used to extract 
them. The simple chronological order wireless LAN frames are not able to express always fluctuating radio wave 
condition. So, this method uses all channels of 2.4GHz wireless LAN. The estimation model of standing in line 
behavior was constructed by using MAP estimation method that was a maximum a posteriori method of Bayesian 
estimation. Five-fold cross validation was applied to evaluate it with radio information at actual standing in line by 
using this model. The average accurate was 0.868 as a result of the evaluation. The appropriate period of capturing 
799 Nobuo Suzuki and Kazuhiko Tsuda /  Procedia Computer Science  60 ( 2015 )  792 – 799 
time will be calculated by analyzing statistical changes of radio wave propagation states for the future work. This 
study also expands to several human behaviors estimation with radio wave information. 
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